Birth and weaning weights were studied for purebred Finnsheep, Suffolk, Targhee and Minnesota 100; F1 Finnsheep crosses; F2 ; and standard breed and Finnsheep backcrosses. Finnsheep lambs were the smallest of all lambs at birth, but ranked second among purebreds in 70-day weaning weight (Suffolks, 21.0 kg vs Finnsheep, 17.6 kg). Ewe body weight, grease fleece production and total adjusted weight of weaned lamb were compared among purebreds and crossbreds. The Finnsheep was the smallest pure breed, yielded the lightest fleeces, but produced the heaviest total weight of weaned lamb. The F 1 ewes were all heavier and produced more wool than the midparent mean of their respective breeds. They also produced markedly more weaned lamb than did the parental standard breeds. Body weight, wool and lamb production were all lower in the F 2 than in the F1 groups. Ewe index was calculated as the total adjusted (male, 70-day equivalent) weight of weaned lamb plus three times the grease fleece weight. The ranking of purebreds was Finnsheep, Targhee, Suffolk and Minnesota 100. Average ewe index values for F1 ewes were greater than those for respective parental and standard breeds. F2 and standard breed backcross ewes had lower index values than did F1 or Finnsheep backcross ewes. Ewe index per unit of ewe body weight was also evaluated. Finnsheep ranked highest, followed by the 90 Finnsh'eep. The Targhee was the best of the standard breeds for this index.
Introduction
Effecient production of meat from sheep depends on both the number and weight of lambs produced by a ewe. Total annual output of the ewe flock is based on a combination of lamb and wool production. Total weaned litter weight is a function of litter size and individual lamb weight at weaning (Maijala, 1966; Donald et al., 1968) . The effect of individual lamb birth weights on total weight of lamb weaned has been regarded as less important than the effect of lamb number. The effect of litter size on perinatal mortality and survival to weaning is discussed in the preceding paper (Ohenacu and Boylan, 1981) . The incorporation of lamb and wool production into a single index has been used to compare total productivity of different breeds and crosses (Winters, 1954; Sidwell and Miller, 1971 ). An index may simply combine total lamb and wool output from the ewe, or it may be expressed per unit of ewe body weight.
The purpose of this study was to compare birth and weaning weights of purebred Finnsheep, Suffolk, Targhee and Minnesota 100 lambs and F1, F2 and backcross lambs of the Finnsheep with each of the three standard breeds. The productivity of each kind of ewe was also compared. Ewe body weights, grease fleece production, total weight of weaned lamb and indices combining these traits were considered. Information about carcass merit of Finnsheep crossbred lambs has been reported elsewhere (Boylan et al., 1976). 1Paper No. 9669, Scientific Journal Ser. of the Minnesota Agr. Exp. Sta. in cooperation with the Animal Science Research Division, ARS, USDA as a contribution to the Regional Project NC-111.
2The assistance of the North Central Wool Marketing Corporation, Minneapolis, MN in the grading of individual fleeces is gratefully acknowledged.
3Present address: Dept. of Anim. Sci., Cornell Univ., Ithaca, NY 14853.
Materials and Methods
The source and management of the ewe flock utilized in this study are described in detail in the preceding paper (Ohenacu and Boylan, 1981) . The lamb growth data were obtained over a 5-year period (1969 to 1973) for ewes of five age groups (1, 2, 3, 4 and 5+ years). Purebred Finnsheep, Suffolk, Targhee and Minnesota 100 lambs were produced each year. F1 crosses were produced by the mating of Finnsheep rams to females of the three standard breeds. As F 1 ewes became available, they were bred to F 1, Finnsheep and standard breed rams to produce F2, Finnsheep backcross and standard backcross lambs, respectively. F2 and backcross ewes were mated to Suffolk, Dorset and Hampshire rams to produce market lambs.
The ewe productivity data reported are those for 1-to 2-year-old ewes lambing in t971 to 1973. All ewe lambs produced in the flock entered the study in their first year, except for a few individuals which were culled because of health or physical defects. Mature ewes were retained in the flock and culling was practiced only on the basis of age or failure to give birth in 2 consecutive years. Ewes were weighed and placed in breeding lots in November of each year and were weighed again when their lambs were weaned. Shearing took place in late February to early March of each year. Fleeces were individually weighed and identified. They were later graded by a commercial wool marketing corporation. Birth weights of lambs were taken within a few hours of birth. Lambs were weaned and their weight recorded when they reached 70 + 3 days of age. No male Iambs were castrated. All lambs in excess of two per litter were reared artificially on a milk replacer ("nursette"). These lambs were later included in the total weight of lambs weaned from the dam. Ideally, an economic weighting reflecting the relative costs of natural and artificial rearing should have been used to combine the weights of lambs reared by the two methods. Such economic information was not available in this study. Therefore, for purposes of discussion in this paper, the costs of the two methods of rearing were considered as equivalent. Amounts of wool and weaned lamb produced by each ewe were combined into a single index value. The amount of the grease fleece from the ewe was multiplied by a weighting factor and the result was added to the total weight of lamb weaned. A weighting factor of 3.0 for wool was derived on the basis of relative prices of wool and lamb over a number of years. The total weight of weaned lamb was adjusted, with the appropriate constants derived from the least-squares analyses, to a single raised-male, 70-day age equivalent for each ewe in each year.
Data were analyzed by least-squares procedures described by Harvey (1960) . Main effects and interactions included in the models varied with the trait being analyzed and are described in detail under each trait heading. For many of the analyses, each ewe was classified into one of six possible classes: Finnsheep, 90 Finnsheep (BCF), F1, F2, 1A Finnsheep (BCStd) or standard breeds (Std). Differences among breeding groups within these classes were then considered.
Results and Discussion
Lamb Birth Weigbt. Main effects included in the model for the analysis of birth weight were year, class of dam, age of dam, breed of lamb within class of dam, type of birth and sex of lamb. All of the effects were highly significant. All possible two-way interactions were included, but none was significant. The least-squares constants for several main effects on lamb birth and weaning weights are shown in table 1. Birth weights increased as the age of dam increased. The largest differences were observed between lambs of 1-and 2-year-old ewes (+.43 kg) and between lambs of 2-and 3-year-old ewes (+.42 kg). Males averaged .28 kg heavier than females at birth. Type of birth had the greatest influence on lamb birth weights, with a difference of over 2 kg observed between birth weights of single and quintuplet lambs (table  1) . Birth weights declined as litter size increased, with the largest decrease occurring between singles and twins.
The heaviest lambs at birth were the purebred Targhees and Suffolks and the lightest were the purebred Finnsheep (table 2). All the means for Minnesota 100 crossbred lambs were lower than the overall least-squares mean. Means for F2 and Finnsheep backcross lambs with Suffolk or Targhee breeding were cornparable to the overall mean. Backcrosses to the standard breeds were similar to the standard breeds although somewhat smaller (table 2) .
Lamb Weaning Weight. The main effects in the model for this trait were the same as those for birth weight except that type of rearing was also included. All were highly significant except class of dam (P>.05). None of the two-way interactions was significant. The least-squares constants for several main effects for weaning weight are shown in table 1. Increased age of dam had a marked positive effect on weaning weight. The greatest differences were observed between lambs of 1-and 2-year-old dams (+3.40 kg) and between lambs of 2-and 3-yearold dams (+1.93 kg). Male lambs exceeded females in weaning weight by 1.6 kilograms. Type of birth and rearing had an important effect on weaning weight. Lambs reared naturally as singles had higher weaning weights than those raised as multiples or artificially in groups, Main effects included in the model used to analyze grease fleece weight were year, age of ewe, class of ewe and breed of ewe within each class. Two-way interactions were also included. All main effects were highly significant, except for breed of ewe, which was significant for backcrosses to the standards and nonsignificant for the F2 and backcrosses to the Finnsheep. The least-squares means for grease fleece weight are given in table 4. The distributions of wool grades by breeding group are shown in table 5. Targhees produced the heaviest fleeces with the finest grades. Suffolk ewes produced light fleeces, a high proportion of which were of coarser grade. Fl ewes produced a greater weight of wool than the midparent mean of their respective breeds. F2 and Finnsheep backcross ewes produced similar weights of wool. F2 and Finnsheep backcross ewes produced similar weights of wool. Most F 1 fleeces graded as 1/4 or 3/8 blood, as did most purebred Finnsheep fleeces. F1 and F 2 fleeces graded similarly, and Finnsheep backcross fleeces were predominantly 1/4 blood, with most of the remaining grading 3/8 blood. Standard breed backcross fleeces were similar in grade to fleeces of the purebred standards from which the backcrosses were derived, although they tended to be less variable.
Weigbt of Lamb Weaned per Ewe Mated.
The model used for analysis of total weight of lamb weaned included as main effects year, age of ewe and breed of ewe, all of which were statistically significant. A fourth main effect, breed of lamb within breed of ewe, was significant for the Minnesota 100, Finnsheep x Suffolk and Suffolk groups. All possible interactions were included, but they were generally not significant. The purebred Finnsheep produced the greatest adjusted weight of weaned lamb. The least-squares means for total adjusted weight of lamb weaned per ewe mated are shown by breed of ewe and age of ewe in table 6. The Suffolk breed ranked higher than the Minnesota 100 and Targhee breeds. F 1 ewes ranked in the same order as the standard breeds from which they were derived, with the exception of 1-year-old FXM ewes. The F 2 and acrosses are designated by letters, with breed of sire listed first.
bFleeces of Finnsheep shorn in the early phases of this study were not sent for commercial grading, so grade data were not available on all Finn fleeces. Other numerical discrepancies were due to lost or unreadable fleece identification tags. standard backcross ewes were less productive than the F1, but all Finnsheep crossbreds produced more than the standard breed ewes did. Production level of Finnsheep backcross ewes was comparable to that of the F 1 ewes. Among Minnesota 100, Suffolk and Finnsheep • Suffolk ewes, those with Finnsheep-sired lambs weaned the greatest weight of lamb. Among the F 2 and backcross ewes (bred to Suffolk, Dorset and Hampshire rams), those with Dorset-sired lambs weaned a consistently greater weight of lamb, although this effect was significant for only the 90 Finnsheep-lA Suffolk group of ewes.
Ewe lndex per Ewe Mated. Main effects in
this model were the same as those for weight of lamb weaned per ewe lambing. Those effects found to be significant were year, age of ewe, breed of ewe and for Minnesota 100 and Suffolk ewes, breed of lamb. Least-squares means for this trait are given in table 7. Of the purebreds, the Finnsheep had the highest index value, followed in order by the Targhee, Suffolk and Minnesota 100. F1 ewes were more productive than their respective standard breed dams. F2 and standard backcross ewes were less productive than the F 1 ewes. The 90 Finnsheep ewes had index values comparable to those for F1 ewes.
Ewe Index~1 O0 Kg Body Weigbt/Ewe Mated.
The model used to analyze this trait was the same as that used for ewe index per ewe mated. Main effects found to be significant were year, age of ewe, breed of ewe and breed of lamb within the Minnesota 100 and Suffolk groups. Leastsquares means for this trait are given in acrosses are designated by letters, with breed of sire listed first.
bsignificant differences for age of ewe, breed of ewe, year and, within M, S and FXS dam groups, breed of lamb. Results for 3-year-olds were not included because of small numbers and missing data. Data obtained for lambs raised artificially on nursettes were included in the calculation of productivity values. acrosses are designated by letters, with breed of sire listed first.
bsignificant differences for age of ewe, year, breed of ewe and, within M and S dam groups, breed of lamb. Results for 3-year-olds were not included because of small numbers and missing data. Data obtained for lambs raised artificially on nursettes were included in the determination of productivity values. aCrosses are designated by letters, with breed of sire listed first.
bsignificant differences for age of ewe, year, breed of ewe and, within M and S dam groups, breed of lamb. Results for 3-year-olds were not included because of small numbers and missing data. Data obtained for lambs raised artificially on nursettes were included in the calculation of productivity values. F2 ewes, except F2 (FXT) ewes, were comparable in productivity to the standard breed baekeross ewes. Three-quarter Finnsheep ewes had a higher index than did F 1 ewes.
